The authors present an application of the Solartron 1200 Real Time Signal
Introduction
One can obtain a set of data containing information about the fatigue life of a structure or a component from a laboratory fatigue test. An actual loading exerted on a component is generally a random process. For instance, ocean waves exerted on a ship, air pressure on an aircraft, wind on a building are all random processes. In a test, a power spectrum can be used to 2 simulate its corresponding time series of a random process. In this case, the spectrum is needed by mechanics researchers. Therefore, one of the techniques for laboratory random fatigue test is to match the desired spectrum on a specimen as closely as possible. That is a technique in control. As has been reported by Lanciotti [1] , the behavior of a test system is affected by the elasticity of the specimen. For instance, when a crack occurs in a specimen, its elasticity relaxes and a process on it will vary. Basically, there are some uncertainties that may affect system response too. Consequently, system response will vary as well. Therefore, it is useful to correct the random loading so as to maintain the loading quality. As testing data is used to evaluate the fatigue life of a structure, it should be a standard. For authors' job, it is used to be a standard for metal and steel structures on a large scale in China. To achieve a high test quality, the correction of the loading should be on-line, otherwise the test may be interrupted or last with the low quality loading for a long duration undesirably. That is a technique in automation.
The technique of correcting a random loading is not mentioned in an early document [2] .
Lanciotti [1] reported one iteration method for the structure of helicopter, M. Li [3] [4] [5] reported another for ship structure and Yamamoto, et al [6] for coastal engineering in fluid mechanics.
Unfortunately, all methods above are off-line. M. Li, et al. [7] presented in principle their optimal control of random loading for a laboratory fatigue test but did not discuss how to perform an on-line correction of random loading. As a supplement to Ref 7, this paper focuses on how to apply a real-time signal processor to the on-line correction of random loading technically.
Description of the Test System
When the computer is used, it takes the place of the control console to make settings related to a test. As for loading, a software package named FLAPS (Fatigue Laboratory Applications Package) [8] 
External signal generation
Originally, the servo control system is closed but the computer was not involved in a closed loop for the purpose of on-line correcting a loading and the original system was not 3 equipped with a function of correcting random loading. Hence, a modification was needed. To keep its quality and reliability, we did not change the original software. Instead, we embedded a real-time signal processor into the system because real-time signal processing is essential to correct a random loading on-line. In this way, the quality of signal processing is assured and the whole system is changed to include closed feedback as shown in Fig. 1 .
Testing parameters and specimen in an actual experimental fatigue test were explained in Ref 7 . The wave spectrum called the target spectrum was measured from Tai-Hu Lake on a hydrofoil while it was cruising. It is a wide band random process. 
On-Line Correcting a Loading Proposed
A wide-band random process can be simulated with Equation (1) (Yang, [9] ). at each frequency point. For instance, when an input spectrum is set as Fig. 2 , its time series is as Fig. 3 . Here, the spectrum in Fig. 2 is the target to be realized. However, when it passes through the system, its output is as Fig. 4 shows. Obviously, a distortion occurred. This distortion may be regarded as model uncertainty [10] [11] and can be adjusted at the setup stage as discussed in Ref 7 . However, if a distortion occurs during the test, it will not be suitable to interrupt the test to adjust the loading because it may be considered that a load of 0 N is exerted on the specimen during the interruption. It is also not wise to adjust the loading manually because the manual adjusting requires that an operator must monitor the test as long as it lasts. Therefore, to improve the performance of the system and the test quality, an on-line correction of random loading is essential. If the pattern of a response spectrum is far from its target, its correction must be carried 5 out.
To achieve on-line correction, the above two need real-time signal processing.
The Reason to Use Real-Time Signal Processor
Because of the cost of test system, we would like to avoid significant modification of the software package. The 1200 Processor is a dual channel device, each having 500 lines resolution and a bandwidth of 30 kHz. When it is connected with the HP 9836 computer, the whole system provides overall feedback. The 1200 processor does real-time signal processing while the HP 9836 controls the system during the test and designs the experiment before the test. This is a safe and inexpensive way of reforming the system to realize on-line correction.
Connection between Processor and Computer
One technical point to consider embedding into the 1200 Processor system is the data communication between the processor and the computer. Each key on the keyboard of the processor corresponds with a command consisting of ASCII characters. The commands can be programmed on the computer. The computer is connected to the processor through an IEEE-488 interface which is a standard, commonly called General-Purpose Interface Bus (GPIB).
One characteristic of IEEE 488 is its Baud rate, roughly in one million to eight million bits per second range [12] . Thus, the computer can control the processor' s operations, state setting, state inquiring, and data transfer in buffers when needed [13] [14] . It is noted that the commands where 708 is the port address for communication [12] [13] . 6 
Main Tasks Of the 1200 Processor In Test
During the test, the 1200 Processor monitors the random process via power spectrum on the specimen and does spectrum estimation. Results in data files are sent to the HP 9836. In other words, the 1200 Processor collects the data of excitation and response signals through Channel 1 and Channel 2 and does their spectra estimations while the HP 9836 transfers the data of two power spectra into arrays. In addition, other operations are available for signal processing if needed.
Description of On-Line Correcting Response Spectrum
Before explaining the manner of correcting the response loading, it is useful to explain something related to signal generation with the FLAPS software.
Description of Signal Generation
For random signal generation, the input parameters are the signal mean, the maximum amplitude and its corresponding frequency, and the time of signal generation [8] . Valid ranges for parameters are shown below. 
Profile of On-Line Correction
In setting the stage for signal generation, the computer asks for the spectrum sequence so that it may simulate its random process. The spectrum sequence is saved as a data file. The subprogram for signal generation reads this data file periodically. Its period can be specified at the setup stage, 2 hours in the test. Therefore, if the data file is replaced with a new one, the random process will be updated. This is shown in Fig. 8 . During the test, if the correlation coefficient is less than 0.9 or any other value specified in advance, the computer will update the data file for the random signal generation. The way to obtain a new data file is based on an optimal control strategy briefly discussed in the next section, or detailed in Ref 7. In this way, the on-line correction of a random loading is carried out. It is noted that the correlation coefficient value (CCV) is used as a threshold for pattern matching between two spectra. It depends on the loading quality desired by the mechanics researchers, 0.9 in our test.
Description of Optimal Loading and the Procedure of On-Line Correction
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Control Strategy
Theoretically, the power spectrum of a model uncertainty may be estimated with Eq 2:
In practice, arithmetic difference is available [3] . Li, et al. Ref 7 presented an optimal controller expressed in Eq 3.
With Eq 3, an input can be modified with Eq 4. In other words, it is a formula to calculate the new data file of the input spectrum as shown in Fig. 8 .
Under In(f), a corrected response spectrum on specimen is ) arget( T f which is the optimal approximation of its target in the sense of
The Procedure of On-Line Correction
Target(f) is saved as a data file in the computer. H(f), identified before the test, is shown in [7, 11] . During the test, S xx (f) and S yy (f) are performed by the processor while the computer collects the data of S xx (f) and S yy (f) and performs the computations in Eqs 2-4 and correlation coefficient periodically. If corr[Target(f), S yy (f)] is less than 0.9 or the other specified value,
the In(f) will be updated according to Eq 4.
At the setup stage, the response spectrum was corrected as the target in the sense of
0.9 [7] . It was observed that the response spectrum matched the target in the sense of The process of the loading correction was carried out automatically. 
